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APPARATUS FOR READING A RECORD CARRIER 
IN WHICH INFORMATION, FOR EXAMPLE VIDEO 
AND/OR AUDIO INFORMATION, IS RECORDED IN 

AT LEAST ONE TRACK 

This is a continuation of application Ser. No. 
340,977, ?led Mar. 14, 1973, now abandoned. 
The invention relates to an apparatus for reading a 

record carrier in which information, for example, video 
and/or audio information, is recorded in at least one 
track, which apparatus comprises a source of radiation 
which provides a read beam and a radiation-sensitive 
signal detection system for converting the read beam 
modulated by the information into electric signals. 
Such an apparatus is described in the U.S. Pat. No. 

3,530,258. In the known apparatus in order to optically 
read a disk-shaped information carrier the latter is set 
into rotation by means of a spindle which passes 
through a center hole in the carrier, the read beam 
scanning a spiral track in a tangential direction. This 
track is followed in that the casing which accommo 
dates the source of radiation and the detection system 
is radially displaced. 
Owing to, for example, inaccuracies in the supporting 

system of the information carrier or the casing or owing 
to warping of the record carrier the track and the eas 
ing may perform relative movements in the axial direc 
tion also. In this case the signal detection system re 
ceives not only radiation from a part of the track to be 
read but also radiation from the surroundings of this 
part. As a result the modulation depth of the electric 
output signal from the signal detection system de 
creases while moreover, because no longer a single 
track but adjacent tracks also are illuminated, crosstalk 
occurs. The reduced modulation depth and the cross 
talk prevent satisfactory signal detection. 

In this speci?cation, the term “tracks of a plate 
shaped carrier” includes both a plurality of concentric 
record tracks and a single continuous spiral track. 

Positional errors of the plane of the track to be read 
relative to the signal detection system may be detected, 
according to U.S. Ser. No. 229,291, ?led Feb. 25, 1972 
and now U.S. Pat. No. 3,833,769 by means of a posi 
tion-determining system. This system comprises two 
gratings disposed one behind the other in the radiation 
path at a location behind the record carrier. The part of 
the record carrier surrounding the track part to be 
read, which part of the record carrier also has the struc 
ture_ of a grating, is imaged at a point between the two 
gratings. A comparison of the values of the electric 
output signals of two radiation-sensitive detectors each 

~. arranged at a location behind one of the gratings per 
mits of determining whether the read beam is focussed 
on the plane of the track and in which direction a devi 
ation occurs. The principle of focussing detection with 
the use of gratings may be modi?ed in several manners. 
However, in all cases the detectors supply direct-volt 
age signals which cannot readily be processed by elec 
tronic means. It is true that alternating-voltage signals 
may be produced by inserting an oscillating mirror in 
the radiation path between the record carrier and the 
gratings, however, such an oscillating mirror requires 
additional mechanical and electrical provisions. 

It is an object of the invention to provide an appara 
tus_of the type described at the beginning of this speci? 
cation in which the detection of positional errors of the 
plane of the track relative to the signal detection sys 
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2 
tem is based on another principle and is performed 
without additional oscillating components parts. Ac 
cording to a feature of the invention the apparatus is 
provided with a position-determining system which 
comprises two radiation-sensitive detection elements 
and serves to determine the position of the plane of a 
track relative to the signal detection system and with 
electronic means for processing the electric output 
signals of the detection elements to produce a control 
signal, the detection elements, viewed in the direction 
of length of the track, being arranged one behind the 
other so that they intercept different parts of a radia 
tion beam which has been modulated by the informa 
tion of the track. 
The apparatus according to the invention is based on 

the recognition that the variations between areas hav 
ing different optical properties, which variations occur 
in the optical structure of the information, may be used 
by way of knife edges in a manner similar to the Fou 
cault knife-edge test. Furthermore the movement of 
the optical structure of the information is utilized to 
achieve dynamic detection. 
While in the position-determining system according 

to the aforementioned prior proposition at a given 
instant a large number of tracks situated around the 
track part to be read are imaged and the amplitudes of 
the electric output signals of the detection elements are 
compared, in the apparatus according to the invention 
at a given instant only a small part of one track is im 
aged and the phases of the electric output signals of the 
detection elements are compared. 

It should be noted that the use of two detectors for 
measuring the displacement of a graduated sacle in a 
direction at right angles to the plane of the detectors is 
described in U.S. Pat. No. 3,502,425. In the apparatus 
described in this patent, a scanning mark is to be peri 
odically moved relative to the graduated scale, requir 
ing a separate driving system, whereas one of the ad 
vantages of the apparatus according to the present 
invention is that no additional oscillation need be gen 
erated. 

In an apparatus according to the invention the radia 
tion beam of the position-determining system prefer 
ably also is the read beam, the detection elements of 
the position determining system forming parts of the 
signal detection system. 

In a ?rst embodiment of an apparatus according to 
the invention a control signal is derived in the elec 
tronic means from those components of the output 
signals of the detection elements the frequencies of 
which correspond to those of the video signals. In this 
apparatus only positional errors within a small region 
can accurately be determined. 
To enable positional errors to be determined over a 

larger region, according to a second embodiment of an 
apparatus according to the invention a control signal 
may be derived in the electronic means from those 
components of the output signals of the detection ele 
ments the frequencies of which are considerably lower 
than that of the video signals. 
To ensure that in this embodiment the region within 

which positional errors can be determined is suf? 
ciently large, according to another aspect of the inven 
tion there is provided on the record carrier, preferably 
at the locations which correspond to the frame ?yback 
periods in the video signal, an additional structure hav 
ing optical details which are considerably greater than 
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the optical details of the video and/or audio informa 
tion. 
Advantageously, in an apparatus according to the 

invention there is inserted in the path of the radiation 
beam at a point preceding the detection elements an 
additional lens system for forming images of the pupil 
of a first lens system inserted in the radiation path at a 
point succeeding the record carrier on the detection 
elements, these images being stationary with respect to 
the detection elements. 

In this embodiment the two detection elements may 
constitute a single detector in integrated circuit form. 
Embodiments of the invention will now be described 

ID 

by way of example, with reference to the accompany- ‘ 
- ing diagrammatic drawings, in which: 

FIG. 1 shows schematically an optical read apparatus 
according to a prior proposition, 
FIG. 2 is a plan view of part of the optical structure 

to be read, 
FIG. 3 illustrates the principle of a position-determin 

ing system according to the invention, 
FIG. 4 shows wave forms of the signals obtained by 

means of the system shown in FIG. 3, 
FIGS. 5, 6 and 7 show embodiments of an apparatus 

according to the invention, and 
FIG. 8 shows a record carrier provided with addi 

tional optical structures according to the invention. 
In the read apparatus shown in FIG. 1 a disk-shape 

record carrier 1 shown in radial section is rotated by 
means of a spindle 4 which is driven by a motor, not 
shown, and passes through a center hole 2 in the record 
carrier. A beam of radiation 20 emitted by a source of 
radiation 5 is re?ected by- a plane mirror 7 towards the 
record carrier. The read beam 20 is focussed by a lens 
8 onto the plane of tracks 3 which in this case are 
disposed on the lower surface of the record carrier. The 
read beam 20 modulated by a track is concentrated by 
a codndenser 9 onto a radiation-sensitive detector 1-0. 
The ouput of the detector 10 may be connected to 
known electronic means 11 for converting the electric 
output signal of the detector into pictures and sound. ' 
The lens 8 has to satisfy stringent requirements, be 

cause the order of magnitude of the image of the radia 
tion source formed by this lens must be equal to that of 
the smallest dimension within the optical structure of 
the recording. FIG. 2 is a plan view of a small part of 
this optical structure. An arrow 15 indicates the direc 
tion in which the record carrier is moved. The structure 
comprises a plurality of tracks 3 which each comprise 
blocks b alternating with areas g. The tracks are sepa 
rated from one another by neutral stripes 6. The tracks 
may be disposed on the information carrier in parallel 
arrangement, i.e. so as to be concentric. Alternatively, 
a spiral track may be used, so that there is only a single 
continuous track. The blocks of a track may, for exam 
ple, be radiation absorbing, in which case the areas and 
the neutral stripes are radiation transmitting. In this 
case the beam of radiation which passes through the 
record carrier is in?uenced in amplitude. As an altema 
tive, the blocks and areas may be disposed on different 
levels in the record carrier so as to fonn a crenellated 

, structure. Such a structure enables the phase of‘a radia 
tion beam to be in?uenced and hence is often referred 
to as a phase structure. Furthermore both re?ection 
and transmission operation is possible. The lengths of 
the blocks and areas represent the stored information. 
A beam of radiation which has been modulated by the 
track exhibits pulse-shaped variations in time in accor 
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dance with the sequence of blocks and areas in the 
track. 

In an embodiment of an optical structure the mean 
period in the direction of length of a track was 4 pm 
and the minimum length in a track was 2 pm, so that an 
image 13 of the source 5 had to be of the order of 2 pm. 
This requires the plane of the optical structure to lie 
within the depth of focus of for example, 1 pm of the 
lens. Hence any displacement of the optical structure in 
a direction at right angles to the plane of the track must 
be detected to permit of ensuring that the distance 
between the plane of the track and the image of the 
radiation source 5 remains less than 1 am. 
FIG. 3 shows schematically how focussing errors can 

be detected according to the invention. 
In FIG. 3 reference numeral 19 denotes a condenser 

lens. Two radiation-sensitive detectors 10' and 10" are 
arranged side by side behind the condenser. The detec 
tors intercept radiation emanating from different part 
of the exit pupil of the condenser lens 19. The optical 
structure of a track 3, which at a given instant is being 
read, is shown in tangential section in front of the lens 
19. In the apparatus shown in FIG. 3 the plane of the 
record extends in a direction at right angles to the plane 
of the drawing. The axis of rotation of the record car 
rier is parallel to the plane of the drawing and at right 
angles to the track 3. This axis may lie either in front of 
or behind the plane of the drawing. The track 3 moves 
with respect to the optical system (18, 19) in the direc 
tion indicated by the arrow 15. 
When the track 3 is at the correct location (e) in the 

optical system, the read beam 20 is exactly focussed on 
it. The rays intercepted by the separate detectors 10’ 
and 10" then emanate from the same point of the track 
and hence are equal, so that the detectors provide 
equal output signals. If now the track 3 and hence the 
optical structure is moved towards the condenser 19, 
for example to the position f, the detectors receive rays 
which emanate from different parts of the optical struc 
ture of the track. Owing to the movement of the record 
carrier both detectors see each point of the entire 
structure, however, a given point is seen by one detec 
tor at an earlier instant than by the other. In the case of 
the position f shown of the track 3 the appearance of a 
block b will be detected by the detector 10' at an ear 
lier instant than by the detector 10''. 

In FIG. 4 the intensities (I) of the output signals S’ 
and S" from the detectors 10' and 10" respectively are 
shown as functions of time (t) for the case in which the 
track 3 is in the position g. Between the signals S’ and 
S" there is a time delay 1' the magnitude of which de 
pends upon the distance between the positions e and g. 
The time delay 1- is shown greatly exaggerated for clar 
ity. 

If the track 3 is in the position f, the signal S" will be 
delayed with respect to the signal S’. 
The signals S’ and S" are applied to a phase detector 

17 in which the time difference between the signals is 
converted into a control signal. This control signal Sc 
enables the focussing of the lens 18 to be adjusted. 

I Neither the electronic processing of the signals nor the 
‘ adjustment of the focussing form part of the invention 

65 

and hence they will not be described further. ' 
It should be noted that the use of the position-deter 

mining system described is not restricted to a record 
carrier having an optical structure comprising discrete 
blocks and areas. The position-determining system 
according to the invention may also be used for deter 



5 
mining the position of a record carrier having a contin 
uous optical structure, for example a sinusoidal struc 
ture. ' 

Also, the shape of the record carried need not satisfy 
particular requirements to enable the position-deter 
mining system according to the invention to be used. 
This position-determining system may in general be 
used for any record carrier which in the reading pro~ 
cess is moved with respect to the signal detection sys 
tem in a plane at right angles to the read beam, while 
the plane of the record can move in the direction of the 
read beam. 
The detection elements 10' and 10" need not be 

disposed side by side, but they may alternatively be 
spaced by some distance from one another, for exam 
ple when a de?ecting element is provided in the exit 
pupil of the condenser lens 19. in the embodiment 
shown in FIG. 5 this de?ecting element is in the form of 
a wedge 14. Also, a plane mirror may be disposed in 
one half or in each half of the exit pupil of the lens 19, 
permitting the detection elements to be oriented at 
di?erent angles relative to the optical axis of the system 
(l8, l9). , 

In the apparatuses shown in FIGS. 3 and 5 the detec 
tion elements 10' and 10" each receive one half of a 
beam 21 which is divided into two halves by a plane 
containing the optical axis of the system (18, 19) and 
extending at right angles to the direction of length of 
the track 3. However, the detection elements may also 
be arranged so as to intercept only parts of these 
halves. The sensitivity of the focussing detection device 
increases as the spacing between these parts is greater. 
When in the apparatus shown in FIG. 3 the record 

carrier is displaced in a direction at right angles to the 
plane of the drawing, i.e. in the radial direction of the 
disk~shaped carrier, the image may be displaced over 
the detecting elements by means of a rotary mirror 
inserted in the radiation path. Because the sensitivity of 
the surfaces of these elements may locally differ, an 
error signal may be produced in spite of the fact that 
the plane of the track is correctly located in the read 
system. Moreover, in the case of incorrect radial dis 
placements an image of the information carrier may be 
fonned at a point wide of the detection elements. . 
According to the invention the said disadvantages 

may be avoided by inserting an additional imaging lens 
in the path of the radiation at a point preceding the 
detecting elements as is shown in FIG. 6. In FIG. 6 the 
optical structure which comprises tracks 3 and neutral 
stripes 6 is shown in radial section. A lens 16 forms a 
reduced image 19' of the exit pupil of the lens 19. 
Detection elements 10’ and 10" are again arranged in 

- the plane of the image 19’. Irrespective of the move 
- ment of the optical structure its image will always fail 
on the same small areas of the detecting elements. ' 
To prevent excessive radiation losses in the apparatus 

shown in FIG. 6 the elements 10’ and 10" must be 
disposed in close proximity to one another. For this 
purpose a detector in integrated-circuit form compris 
ing two detector halves may be used which can be 
manufactured by means of known integrated-circuit 
techniques. , 

The position-determining systems shown in FIGS. 3, 
5 and 6 may be used in the read apparatus shown in 
FIG. 1 in which the read beam is focussed onto the 
plane of the track. The elements of the locating system 
may then be combined with those of the read apparatus 
so that the read beam 20 coincides with the radiation 
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6 
beam 21. For this purpose, in the apparatus shown in 
FIG. 1 the detector 10 need only be replaced by the 
two detecting elements 10' and 10 of the systems 
shown in FIGS. 3, 5 and 6. Each of these elements 
delivers a complete electric signal, and a comparison of 
the phases of these signals permits of obtaining infor 
mation about the position of the plane of the tracks 
relative to the signal detection system. 
The position-determining system according to the 

invention may also be used in read apparatuses in 
which the record carrier is illuminated by a wide read 
beam, while the radiation-sensitive area of the signal 
detection system is so small as to intercept only a beam 
of radiation having a diameter of the size of the smallest 
detail in the track. In such an apparatus alsothe read 
beam may be made to coincide with the radiation beam 
of the locating system. This situation is shown in FIG. 7. 

In the apparatus shown in this Figure a large-diame 
ter radiation beam 31 falls on a comparatively large 
part of the optical structure, only one track 3 of which 
is shown. Behind this part is arranged an objective 39 
which forms an image of this part on the detection 
system. This system comprises a diaphragm 35 and two 
radiation-sensitive detectors 30' and 30” arranged at a 
certain distance behind the diaphragm. The size of a 
diaphragm slit 36 is matched to the smallest detail of 
the optical structure. The two detection elements 30' 
and 30" intercept rays which emanate from different 
parts of the slit. 

Part of the optical structure of the record carrier, 
which part has a grating-shaped structure, is imaged on 
both halves 37’ and 37 " of the diaphragm 35. Design 
ing these halves as grating-shaped detection elements 
enables not only the axial position but also the radial 
position of the record carrier relative to the signal de 
tection system to be determined in the manner de 
scribed in U.S. Ser. No. 229,291, ?led Feb. 25, 1972 
and now US. Pat. No. 3,833,769. The insertion of an 
additional lens in the path of the radiation at a point 
succeeding the slit 36 permits of obtaining, in the appa 
ratus shown in FIG. 7 also, stationary images of the exit 
pupil of the lens 39 on the detection element in a manner 
similar to that used in the apparatus shown in FIG. 6. 
The invention has been described with reference to 

an optical structure which is composed of radiation 
absorbing and radiation-transmitting areas. Obviously, 
it may also be used with an optical structure composed 
of radiation-re?ecting and radiation-absorbing areas. 
For example, a half-silvered mirror may be inserted in 
the path of the radiation beam between the source and 
the record carrier. This mirror de?ects the radiation 
re?ected from the record carrier. The deflected radia 
tion may then be processed in any of the aforedes 
cribed manners. 
Hereinbefore it has been assumed that the radiation 

beam 21 is modulated by the blocks and areas of one 
track only. The dimensions of these blocks and areas in 
the direction of length of the track are very small with 
a minimum of, for example, 2 pm. If the locating sys 
tem is to operate satisfactorily, the diameter of the 
radiation beam at the location of the track must be 
smaller than the minimum dimension in the direction of 
length of the track. The displacement of the track rela 
tive to the optical system (18, 19) which can be accu 
rately detected is comparatively small. The track is 
allowed to move towards the lens 19 or away from the 
lens 19 through a distance at most equal to the depth of 
focus of the lens 18. The depth of focus depends upon 
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the size of the detail being viewed. The depth of focus 
of a lens having a numerical aperture of 0.3 is about 7 
pm for a detail of 2 pm, so that the operating range of 

i the position-determining system under such conditions 
g is about 14 um. 

According to the invention this operating range may 
be expanded in that, especially for axial position-deter 
mining an additional optical structure having large 
details (of, for example, from 20 to 100 pm) is pro 
vided on the record carrier. Because at the locations 
which correspond to the frame flyback periods in the 
video signal the information density of the carrier is 

, small, the additional optical structure is preferably 
‘ provided at these locations. 

If per revolution of the record carrier one picture is 
read, i.e. if the information of one picture is stored in 
one track, the locations of the rrame ?yback periods lie 
in the same sector of a circle in the various tracks. The 
additional optical structure may then simply consist of 
a wide diametrical line. In FIG. 8, which is a plan view 
of a record carrier according to the invention, this line 
is designated by L. The tracks are denoted by 3 and an 
intermediate stripe carrying no information is denoted 
by 6. Alternatively, extra great regions m (in FIG. 8) 
may be included in the tracks. Furthermore the record 
carrier may be provided with several diametrical lines 
L having different widths or with several areas m 
having different widths in one track. 
When the carrier makes 25 revolutions per second 

the line L or the areas m are read at a frequency of 50 
Hz. This frequency is of an order of magnitude widely 
different from that of the signals which are produced by 
modulation of the beam of radiation by the optical 
structure of the video information in a track (frequency 
about 4 MHz). When using a record carrier according 
to the invention in the read system described, signals 
having high-frequency and low-frequency components 
appear at the outputs of the detection elements. These 
components may be separated from one another by 
?lters in the electronic processing device and used to 
produce separate signals for ?ne control and coarse‘ 
control. The possibility of detecting over a wider range 

25 

40 

is of particular importance to enable a focussing devia- - 
tion, which may be produced when a record carrier is 
placed in the read apparatus or when this apparatus is 
subjected to a shock, to be rapidly reduced to a value 
which falls within the range of ?ne control. 
What is claimed is: 
1. In an apparatus for reading a record carrier in 

which information is recorded in at least one optically 
interogatable longitudinally moving track, a focus de 
tection system comprising a source of radiation provid 
ing a read beam of radiation, at least two optical detec 
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8 
tion elements spaced along the longitudinal direction of 
said track for converting optically modulated light into 
electrical signals, a lens system means in the path of 
said read beam for focussing said read beam to a radia 
tion spot on said track that is substantially the same size 
as the smallest recorded detail on said record carrier 
whereby said information on said track modulates said 
read beam and for converging the radiation beam mod 
ulated by said track towards said two optical detection 
elements, whereby said optical detection elements re 
ceive radiation modulated by different portions of said 
track when said read beam is improperly focussed, and 
a phase detector connected to said at least two optical 
detection elements for measuring the phase difference 
between said electrical signals from said optical detec 
tion elements, said phase difference indicating the ex 
tent of the improper focus of said read beam on said 
track. 

2. Apparatus as recited in claim 1, further comprising 
a second lens system means positioned in the path of 
said radiation modulated by said track intermediate 
said ?rst lens system means and said optical detection 
elements for forming a stationary image of a portion of 
said ?rst lens system means proximate said detection 
elements. 

3. Apparatus as claimed in claim 1, wherein the two ' 
detection elements are in integrated circuit form. 

4. Apparatus as claimed in claim 1, wherein the 
phase detector comprises means for deriving a control 
signal from those components of the output signals of 
the detection elements the frequencies of which are 
considerably lower than that of the video information. 

5. Apparatus as claimed in claim 4, wherein the re 
cord carrier has at least one track of video and/or audio 
information recorded as a coded optical structure, said 
track including additional optical structures at loca 
tions corresponding to frame ?yback periods, said ad 
ditional optical structures having optical details which 
are considerably greater than those of the video and/or 
audio information coded optical structure. 

6. Apparatus as claimed in claim 1, wherein at least 
one of the focus-determining detection elements forms 
part of the signal detection system. 

7. Apparatus as claimed in claim 6, further compris 
ing a diaphragm provided with an opening which 
matches the smallest detail to be expected in the opti 
cal structure of the record carrier in the path of the 
read beam at a point preceding the detection elements. 

8. Apparatus as claimed in claim 7, wherein the parts 
of the diaphragm surface on either side of the slit which 
face the record carrier are > in the form of grating 
shaped detectors. 


